nate immunity, we challenged LXR␣␤ Ϫ/Ϫ mice with the
0006). At higher doses of LM (1 ϫ
LXRs are transcription factors, we reasoned that this defect must result from the loss of regulation of one or 10 5 cfu), LXR␣␤ Ϫ/Ϫ mice succumbed to the infection 2-3 days sooner than their WT controls (p Ͻ 0.0009). LXRmore genes critical for innate immune responses. First, we analyzed plasma expression of a panel of known null mice also showed increased susceptibility when compared to pure strain C57bl/6 or sv129 controls (not inflammatory mediators in mice challenged with LM for either 5 hr or 2 days. As expected, a number of proteins shown). Surprisingly, susceptibility to LM was associated primarily with the loss of LXR␣ ( Figure 1A ). This were induced in response to LM infection, including IL-6, IP-10, IFN␥, IL-5, MCP-1/JE, MCP-3, MCP-5, and LXR␣-selective phenotype was unexpected since the macrophage cholesterol efflux pathway is redundantly lymphotactin (Supplemental Figure S1 at http://www. cell.com/cgi/content/full/119/2/299/DC1/). Some cytocontrolled by both LXRs (Laffitte et al., 2001b) . Consistent with their survival curves, the bacterial burkines, including IL-6 and IL-12p70, were significantly higher in LXR␣␤-null animals, in agreement with previdens in livers of LXR␣␤ Ϫ/Ϫ and LXR␣ Ϫ/Ϫ mice on day 2 of infection were approximately 2 logs higher than in ous work (Joseph et al., 2003) . However, the concentrations of most factors were not different between geno-WT mice ( Figures 1B and 1C) , whereas counts in types. Thus, the immune defect of LXR-null mice does I included MARCO, a second member of the SRCR family, the chemokine CCL24, the tripartite motif protein not appear to correlate with decreased production of any of these inflammatory mediators.
TRIM-34, and an EST of unknown function (Riken 15000001L15). The second interesting group consisted Next, we sought to identify LXR-regulated genes that might play a role in the innate immune response to LM.
of genes that were more highly induced by LM infection (1.5-fold or more) in LXR-null mice compared to controls Our strategy was based on the hypothesis that such genes would be (1) induced during listeria infection, (2) (Figure 2A , Group II). In this group, the largest differences were observed in the mRNAs encoding CD14 and induced by LXR agonists, (3) preferentially regulated by LXR␣ versus LXR␤, and (4) direct targets of LXR/RXR CD68. The differential expression of these and perhaps other genes in Group II likely reflects the increased numheterodimers. First, we performed transcriptional profiling of hepatic gene expression in mice challenged with bers of neutrophils and monocytes/macrophages present in livers of LXR-null mice (see Figure 1D ). Further-LM. Genes showing a statistically significant difference of 2-fold or greater between WT and LXR␣␤ Ϫ/Ϫ mice are more, the increased expression of CD14 and CD68 in LXR-null mice challenged with LM strongly suggests presented graphically in Figure 2A tion between LM and the macrophages, we infected TGFurthermore, a luciferase reporter driven by the SP␣ elicited peritoneal macrophages with LM in vitro. After LXRE was preferentially activated by LXR␣/RXR in tran-6 hr of infection, macrophages lacking LXRs exhibited sient transfection assays ( Figure 5C ). These data suggreatly increased apoptosis compared to WT cells (27% gest that the selectivity of SP␣ for LXR␣ is achieved, at TUNEL/DAPI dual positive compared to 5%, Figure 6F ). least in part, through differential interaction with the SP␣ promoter.
By contrast, there was no difference in the very low level et al., 2004) . Thus, differentially regulated by LXR␣ and LXR␤. However, the ability of SP␣ to inhibit macrophage apoptosis trigthe possibility that other genes also contribute to the gered by LM represents a plausible mechanism to eximmune defects of LXR-null mice cannot be excluded.
plain the enhanced antimicrobial activity of SP␣-In fact, the observation that mice lacking both LXRs are expressing cells. However, it is also possible that this still more susceptible than LXR␣ Ϫ/Ϫ mice is consistent SRCR protein has antimicrobial functions independent with the involvement of additional LXR target genes.
of its ability to inhibit apoptosis. Further studies will be It is also possible that LXR-dependent genes whose required to better define the mechanism of action of expression is not altered by infection, such as those SP␣ in the innate immune response. involved in cholesterol and fatty acid metabolism, also Together with previous work, these results position contribute to the immune phenotype.
LXR ing sites and flanking 10 bp were identified and retrieved from GenBank. These sites were aligned using the Clustal algorithm using Animals that became moribund were deemed to have succumbed to infection and euthanized according to UCLA animal care guidelines.
Megalign and DNAstar. The alignment was saved as a multiple sequence format file and used to build a HMM using hmmbuild in the Survival statistics were performed using the LifeTest procedure in SAS statistical software. For determination of bacterial recovery, HMMER 2 software package (http://hmmer.wustl.edu). Following construction, the model was calibrated using hmmcalibrate and livers were homogenized in 1% Triton-X and serial dilutions of the homogenate were plated on BHI/streptomycin agar plates. Formaused to search upstream regions of mouse and human genes using hmmsearch. Results of the search were parsed and stored in relalin-fixed sections were stained with hematoxylin and eosin or Gram's stain according to standard protocols. Transcriptional profiling was performed at using Fugene 6 transfection reagent (Roche Diagnostics) with a the UCLA microarray core facility using Affymetrix 430A microarrays. Fugene:DNA ratio of 3:1. HEK 293T cells were transfected in suspenDuplicate arrays were hybridized using RNA from three animals per sion in DMEM supplemented with 5% lipoprotein-deficient serum, array. Data was analyzed using GeneSpring and GeneChip Analysis 7.5 M of lovastatin, and 100 mM of mevalonic acid. Cells were Suite software (Affymetrix). Only statistically significant expression plated in 384-well plates at a density of 8000 cells/well. 24 hr after differences are presented. transfection, cells were treated with DMSO or T1317 and further incubated for 24 hr before harvest. Reporter activities were assayed Acknowledgments using the Bright-Glo luciferase assay system per manufacturer's instructions (Promega). GFP was used as a control for transfection
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